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FULILSCALEINVESTIGATIONOF THEDRAGOF A WINGRADIATOR.

By FredE. Weick.

summary

Testsweremadeon theleftlowezwingof the1927Williaym

racerin theTwentyFootPropellerResearchTunnel,in orderto

determinetheeffectof thewingradiatcrcntheairfoilchaz-.
acteristics.Itwasfoundthattheradiatordoubledtheminimum

dragof theportionof thewingwhichit covered,andalsore–
n

A ducedtheliftsomewhat.

Tests
,

At therequestof theBureauof Aeronautics,NavyDepart-

ment;an investigationwasmadeof theeffectof a certaintype

of wingradiatoron thehigh-speedaerodyn~iccharactexisti.cs

of a wing. ‘Theleftlowerwingof theWilliamsracerwasfurn-

ishedby theBureauforthispurpose,andthetestson itwere

madein the20-footair streamof thePropellerResearchTunnel

(Reference1).

Theroundedtipof thewingwascutoffsothattheentire

surfacetested,exceptinga 2-inchstripslongeachend,was

coveredby theradiatoras showninFigure1. Thisleftthe

spm 75.62inches,andwiththechordcf 44 inches,gavean as–
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pectratioof 1:718. Thetotalwingareawas23.1squ’tiefeet,

andtheareacoveredby theradiatorwas21.88squarefeet,on

eachsurface.Thewingwas intendedto havea C–62 section

undertheradiator,butit wasveryimperfect.

Figure2 showsindetailthewingsurfaceformedby the

radiatcr,whichwasmadeup of speciallydrawnbrasstubesgiv-

ingtheeffectof ratherdeeplygroovedfins. A crosssection

throughthetubesandwingsurfaceisgiveninFigure3.

With’thewingmountedin thetunnelas shownin Fi@re 4,

theliftanddragforcesweremeasuredat sn airvelocityof ap-

proximately100m,p.h.,and

a intervalsfrom~2°to+4°.

thehigh-speedconditicnof
.

at anglesof attackvaryingby 1°

Sincetheeffectof theradiatorat

flightonlywasdesired,itwasun–

necessaryto testthewingathigheranglesof attack,andthus

itwa6pcssibletouse smallsupportswithverylcwtaredrag.

(Thetaredragwasabout7 per centof theminimumdragof the

wingwithoutradiator.)

Afterthefirstt;sttheradiatorwas strippedoff,new

leadingandtrailingedgesfitted(theradiatorheadersorigi-

nallyformedtheleadingandtrailingedges),andminordefects

andirregularitiesin thewingsurfacewerefilledwithplasti-

cin.e.Thewingas readyforthesecondtestis showrr.in Figure

5. Thesurfacewasveryirregularand ‘[wavy,”theplywoodCOTE-

eringapparentlyhavingswelledandbuckledi~wardslightly,
p causingdepre6sicn6asdeepas 3/16inch. Thecontourcf one

a
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of theworstsectionsis showninFigure6.

3

Results.

Theresultsof thetestsaregivenin TableI andFigures

7, 8 and9, Theying

dragof,andsomewhat

In computingthe

withradiatorhadjusttwicetheminimum

lessliftthan,thewingwithoutradiator.

induceddragshowninFigure‘7,theBetz

formulasforrectangulsx,vvingswereused. No correctionshave

beenmadeforwindtunnelconstraintsincea fewcomputations

haveshownit to be negligibleforthelowliftsof thesetests.

Theincreasein dragdueto theradiatorcanbe givenin

theformof a coefficient~DR3 where

CDR= - Increasein dragdueto radiator
●

(Dynamicpressure)(Areacoveredby radiator,bothsurfaces)

ThedifferencebetweenthedragcoefficientsfortheMng ._

withandwithouttheradiatoraveregedapproximately.011,and

sincetheareacoveredby theradiatorwas 2 X 21.88sq.ft.

whilethetotalwingareawas23.10sq.ft.,thecoefficientof

increaseddragdueto theradiatoris . t

CDR = ,011X 23,10.= ,0058~0
2 X 21.88

It is interestingtonotethatat 300m.p.h., coveringa

singlesmoothsurfacewiththistypeof radiatorincreasesthe

dragby 1.33lb.per sq.ft.,
8

andthatat theabovespeed,each

squarefootof radiatorrequires1.C66thrusthcrsep~wer.
●
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It i6pzobablethatthepercentageincreasein dragdueto

theradiatorwouldhavebeenevengreaterif thewingwithout

radiatorhadbeenmoreperfectin form~ A lzccgemodelairfoil

(3-footchordand12-footspan)havingtheC-62sectionhasalso

beentestedin thePropellerResearchTimneltTheprcfiledrag

forthissection.isplottedagainstliftcoefficientalongwith

thatfortheWilliamswingwithoutradiatcr,inFigure10,and

thedragis shownto be considerably

model.

C onc lU s i

lessforthemoreperfect

Ons

Thewingradiatorusedon the?lillismsracerdoubledthe

minimumdragof theportionof

alsoreducedtheliftsomewhat.

thewingwhichit covered,

LangleyMemorialAeronauticalLaboratory,
NaticnslAdvisoryCcmmitteeforAeronautics,

LangleyFieldjVa,,
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1. Weiok,FredE, TheTwenty-FootPropellerResearch
and : Tunnelof theNationalAdvisoryCcm-

Wood,DonaldH. mitteeforAeronautics.N~A.C.A.
TechnicalReportNo.300,1928.
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TABLEI.

AerodynamicCharacteristics

Valuesfromfairedcurves

,

Wingwithradiator
Angle
of CL CD

attack
-20 -.0250 ● 0221
-1° +.0125 ● 021y
0° .0520 .0217
+1° ●0950 ● 0225
2° .1385 .0246
~o .1785 .0278
ho .2i35 .03i~

Wingwithoutradiator
Angle
of CL CD

attack
.-2° -,0100 ● 0112
_lo +.0305 ● 0107
60 *0705 ● 0112
+10 .li40 .0125
20 .1575 .0148
30 ● 2000 .0177
40 .2425 .02i6

5 ---
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Fig~l WilliamsRaoerWinEwithradiatorreadyforteS~

7$
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Fig.2 Detailsof wingra~ator

Fig.4 Wingwithradiatormountedonbalanoe F
131504.s,
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Fig. 3
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